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FOREWORD

This is a technical report prepared by the Advanced Studies
Group, Electrical Engineering Department, Auburn University, toward
fulfillment of Contract NAS8-20004, granted to Auburn Research Foundation,
Auburn, Alabama. This contract was awarded January 19, 1965, and

extended to January 18, 1966. It was further extended to April 18, 1966.



SUMMARY ;éf&(

This technical report is a documentation of the analytic
platform simulation program. The simulation program is written in
Fortran IV computer language and follows the modular form as outlined
by the NASA Computation Center, Huntsville, Alabama. Chaptér I
states the need for such a simulation program. Chapter II states
the capabilities of the program, presents the definitions of the
various Quantities used in the computer program, and lists the equations
solved in the various subroutines. A complete program listing is
presented in Chapter III along with the amalytic platform simulation
flow chart. Chapters IV and V presents a typical test case and explains
the operating procedures for the use of the simulation program. For
more detailed information on the theory behind the simulation program,
one should consult the companion report:

"An Introduction to Analytic Platforms for Inertial Guidance,"

Technical Report, Advanced Studies Group, Auburn Research

Foundation, Auburn University, Auburn, Alabama, April 1966.
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I. INTRODUCTION

D. W. Kelly

The analytic platform system is one in which the mechanically
stable platform is replaced by an analytic platform. A simplified
block diagram of an analytic platform system is shown in Figure I-1.
For more detailed information on the theory of analytic platforms,
one should consult the companion report:

"An Introduction to Analytic Platforms for Inertial

Guidance," Technical Report, Advanced Studies Group,

Auburn Research Foundation, Auburn University, Auburn,
Alabama, April 1966.

To study the feasibility of the analytic platform system, it was
simulated using a digital computer. It was determined that the
following computer program conditions should hold:

(1). The program should be written in Fortram IV computer language,

should be compatible with the IBM 7040 and IBM 7094 digital
’ computer systems, and should be modular in form as outlined
by NASA Computation Center, Huntsville, Alabama.

(2). The program should be general in nature so as to allow the
use of different angular velocity and linear acceleration
sensors, different schemez for the calculation of the
rotational matrix, and different numerical integration
techniques.

This report is a documentation of the described analytic platform

simulation program. The outline for documentation was provided by NASA
Computation Center, Huntsville, Alabama.

1
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II. PROBLEM DEFINITION
D. W. Relly

A, General Problem

The purpose of the analytic platform simulation program is to cal-
culate vehicle velocities and positions in the space-fixed coordinate
system, given the angular velocities and the linear accelerations of
the vehicle in the vehicle-fixed coordinate system, using the analytic

platform concept. Figure II-1 is a simplified block diagram of the

analytic platform concept. Figures II-2,3, and 4 are further subdivisions,

in block diagram form,of the individual blocks of Figure II-1. Figure
II-2 is a block diagram of either the angular velocity semsors or the
linear acceleration sensors. The outputs from the aﬂéular velocity
sensors are angular velocities of the vehicle, and the outputs from
the linear acceleration sensors are changes in linear velocity of the
vehicle in the vehicle-fixed coordinate system. These velocities are
the inputs to the coordinate transformation calculation block as shown
in Figure II-3. The angular velocities are used to calculate the
rotational matrix, and then the rotational matrix is used to transform
the changes in linear velocity from the vehicle-fixed to the space-
fixed coordinate system. Provision is also made in this bleck tokcal-
culate the Euler angles from the rotational matrix. Figure III-4 is

a block diagram showing the necessary calculations to obtain the veloc-
ity and position in the space-fixed coordinate system, taking into

account gravity and initial conditions.
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The following statements list the capabilities of the simulation

program:

(1)

(2)

(3)

(4)

(5)

(6)

The angular velocity and linear acceleration input data
profiles are entered into the simulation program in tabular
form at specified time intervals, Values between specified
times are calculated from a straight-line interpolation.

The rotational matrix may be calculated by using either the
angular velocity from the inpﬁt profiles, an approximated

value obtained from a change in angular displacement divided

by the time interval or the approximated value rounded down

to the nearest quantization level., A change in velocity or a
quantized change in velocity may be transformed from the
vehicle-fixed to the space-fixed coordinate system.

The quantization levels for the angular velocity and the linear
acceleration sensors may be varied.

The time between calculations, that is, the period of updating
the rotational matrix may be varied. The period of updating
the space-fixed velocity and position may also be varied.

The rotational matrix may be calculated by either thevdirection
cosines method, the Euler three angle method or the quaternion
method.

Four different numerical integration techniques may be.used:

Simpson's, rectangular, trapezoidal or weighted averages.




(7)

Other quantities that may be controlled by the operator are

cutoff time, printing time, velocity cutoff, initial conditioms

and input data printing,

Symbols and Definitions

This section lists the symbols, both mnemonic and mathematical,

and their definitions as used in the analytic platform simulation

program.
Mnemonic
Internal Printed
XS(1) XS
XS(2) YS
XS(3) YA
VXSs(1) VXS
VXS(2) VYS
VXS(3) VZs
VX1(1) VX1
VXI(2) VYI
VXI(3) VZI1
VXSG(1) VXSG
VXSG(2) VYSG
VXSG(3) VZSG
AXSG(1) AXSG
AXSG(2) AYSG
AXSG(3) AZSG
RS
VS
GAMMA

Mathematical

Definition

Position of the vehicle in the
space-fixed coordinate system.

Velocity of the vehicle in the
space-fixed coordinate system.

Velocity of the wvehicle in the
space-fixed coordinate system
not corrected for gravity.

Velocity of the vehicle due to
gravity in the space-fixed
coordinate system.

Acceleration of the wvehicle due
to gravity in the space-fixed

coordinate system.

Radial distance from the earth
center to the vehicle.

Magnitude of the vehicle velocity.

Flight path angle relative to
the local horizontal,



RSLL

NUMBER

TXYZ

XINPUT (1,
XINPUT (2,
XINPUT (3,
XINPUT (4,
XINPUT (5,
XINPUT (6,
XINPUT (7,

c(1,3)

VPHIX(1)
VPHIX(2)
VPHIX(3)

VPHIX(4)
VPHIX(5)
VPHIX(6)

VPHIX(7)
VPHIX(8)
VPHIX(9)

DELVXV(1)
DELVXV(2)
DELVXV(3)

DELVXV(4)
DELVXV(5)
DELVXV(6)

number)
number)
number)
number)
number)
number)
number)

VPHIX
VPHIY
VPHIZ

10

?X(number)
¢ (number)
fz(number)
gv(nnmber)
Y, (number)
Zv(number)
T (number)

€(i,3)

S e eSre
N < N

A¢X/At
N[N
MZ/At

N[O
A¢;‘3/At
A¢zq/At

Flight path angle relative to
the local vertical.

Radial distance from the earth

center to the launch site.

Earth gravitational comstant,

Number of points on the angular
velocity and linear acceleration
profiles.

Time between points on the

‘angular velocity and linear

acceleration input data profiles.

Angular velocity input profiles

in the x, y, and z directions
(radians/second).

Linear acceleration input pro-
files in the x, y, and z directions
(meters/second”).

Time for input profiles (seconds).
The ijth element of the three
by three orthogonal matrix,
determined by angular velocities
of the vehicle, used to trans-
form from the vehicle-fixed to
space-fixed coordinate systems.

The angular velocities
of tne vehicle.

The approximated values of
angular velocities.

The approximated values of
angular velocities rounded

down to the nearest quantization
level.

The changes in linear velocity.

The changes in linear velocity
rounded down to the nearest ‘
quantization level.




DELVXI(1)
DELVXI(2)
DELVXI(3)

P
Q
R

N =

SEE

PX
PZ

XOLD
YOLD
ZO1D

YLEFT

ZLEFT

QANG

QVEL

TCLJ

TOTC1J

TNAV

¢

b7

A
AV
AN

11

S

e fude

mOo

N =M

¢ (to) or X, (t)

(ty) or Y (t))
(tg) or fz(tg)

x1(to) or Ay
1(to) or Ay,

yli-o

z l(to) or AZvl
Qang
Quel
Tcij
Totecij

Tnav

Change in velocity of the wvehicle
in space-fixed coordinates ,not
corrected for gravity.

The particular values of angular

‘velocities that are used to cal-

culate the transformation matrix.
See KEXACT.

The particular values of changes

in linear velocity that are trans-
formed from the vehicle-fixed to
space-fixed coordinate system. See

KEXACT.

Whole numbers representing the
number of quantization levels
in angular velocity.

Whole numbers representing the
number of quantization levels
in a change in linear velocity.

Previous values of both the
quantities represented. Since
they are in different subroutines
the quantities retain their
correct values,

Remainder terms which must be
accounted for in the computations
of VPHIX and DELVXV. Since they
are in different subroutines

the quantities retain their
correct values.

Quantization level of the angular
velocity sensors (radians).

Quantization level of the linear
acceleration sensors (meters/second).

Period of updating the C(I,J)
transformation matrix.

Time at which the C(I,J) should
be updated again.

Period of computing the position
and velocity. '




TOTNAV Totnav

TCUT Tcut

VCUT Vcut

KCUT

KEXACT

KOPT

12

Time at which the next position

and velocity should be computed.

Time at which the system should
cutoff., Usually associated
with burnout.

Velocity at which the system
should cutoff. Usually the
required velocity for orbit.

Internal flag used to eliminate
the necessity of reading all

‘initial conditions went another

run is desired.

Internal flag used to start

the final run through the system

when indicated by TCUT or VCUT.

System option, externally
controlled, used to select
the quantities that are used to
calculate the C(I,J) matrix
and the quantities that are
transformed to the space-fixed
coordinate system.

KEXACT = 1 VPHIX(1)
VPHIX(2)
VPHIX(3)
DELVXV(1)
DELVXV(2)
DELVXV(3)
VPHIX(4)
VPHIX(5)
VPHIX(6)
DELVXV(1)
DELVXV(2)
DELVXV(3)
VPHIX(7)
VPHIX(8)
VPHIX(9)
DELVXV(4)
DELVXV(5)
= DELVXV(6)

]
[N

KEXACT

i
w

KEXACT

| | T V| N | O 1Y | | Y Y |

NHKMBOHNNKMNMIWHNORNKMNKRION

System option, externally
controlled, used to select the

particular method of calculatlng

the C(I,J) matrix.

KOPT = 1 Direction Cosines
KOPT = 2 Euler Three Angles
KOPT = 3 Quaternions




INNER

TPRINT

TPRNOW

THX(1) THX
THX(2) THY
THX(3) TYZ

VTHX(1) VTHX
VTHX(2) VTHY
VTHX(3) VTHZ

El
E2
E3
E4

Al
A2
A3
A4
A5
AFf

Bl
B2
B3
B4
B5
B6
AORBIT
BORBIT
EORBIT

RAORB

Tprint

Tprnow

b

D D D
[

D DD
N

N g M

(ol No o)
P UL I (N S

orbit

Borbit
orbit

Raorb

13

System option, externally
controlled, used to select the
particular integration scheme
that will be used.

INNER = 1 Weighted Averages

Integration
INNER = 2  Trapezoidal Integration
INNER = 3  Simpson's Integration
INNER = 4  Rectangular Integration

Period of printing time.

Time at which the next printing
is due.

Euler angles.

Rates of change of Euler
angles.

Cayley-Klein parameters

Orthogonality checks of C(I,J)
matrix.

Normality checks of C(I,J)
matrix.

Semimajor axis of orbit.
Semiminor axis cof orbit.
Eccentricity of orbit,

Apogee radius of orbit.
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RPORB Rporb Perigee radius of orbit,
VAORB Vaorb Orbital velocity at apogee.
VPORB VPorb Orbital velocity at perigee.
D1 'Dummy variables used only to
D2 save constants and/or for
KDUM convenience.

K1

K2

K3

L1

12

L3

A

B

D

E

F

C. Equations and Abstracts

This section lists all the equations that are used in the analytic
platform simulation program. The abstract for each routine is also
given.

Routine MAIN

This routine controls the entire simulation program flow. It
calls the different subroutines and directs the steps to be done.

Routine READ1

This routine reads and prints the input profiles of both angular
velocity and linear acceleration of the vehicle.

Routine READ?2

This routine reads and prints all initial conditions and all

system options.




Routine ANGVEL

This routine simulates a simplified version of the encoder

15

attached to the angular velocity sensor.

are solved in this routine.

J = K+1

0 () = S (R) + |$(D) - b_(K)
o = hw o - o) |
bt = b + [0 () - b [
o () = [:éx(t) + b ()] Tes;
poy(e) = [,00) + bylegd] T
pg(e) = [0,0) + b(e)] Ty,
po (E) 20 (o)

At Tcij

A% AV

(t) i (t)

e

2,(0) (o)

At T

The following equations

!/ 2

/2

/2

/ T

Xyz

/ T

/ T

Xyz

Xyz




— -

]

N
xq

N
yq

]

N
zq

A@XI(t)

A@xl(to)
A@yl(to)

A¢zl(to)

Eé¢x(t) + A@xl(tOi / Qang
[é@y(t) + A@yl(toi / Qang

[;@z(t) I ORI Qang

i

i
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N

7

qu Qang / Teij

N,. * Qang / Teij

qu * Qang /T

cij
2 (t) - A@xq(t) + 00 q(t)

A@y(t) - A@yq(t) + A@yl(to)

2o, (L) - 20,4 (E) + £6,7(to)

The calculations should be done in the order shown

Routine DIRCOS

Rounded down to
whole number.

This routine calculates the direction cosines from the wvehicle

angular velocities,that is, it updates the C(IJ) matrix.

equations are solved in this routine:

c(1,1)
C(1,2)
C(1,3)

c(2,1)

c(1,2) R - €(1,3) Q
c(1,3) P - C(1,1) R
C(1,1) Q - ¢c(1,2) P
€(2,2) R - C(2,3) Q

The following
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€(2,2) = C(2,3) P - c(2,1) R
€(2,3) = €(2,1) q - C(2,2) P
C(3,1) = €(3,2) R - C(3,3) Q
C(3,2) = €(3,3) P - C(3,1) R
€(3,3) = C(3,1) q - c(3,2) P

These equations are then integrated according to some numerical

technique to obtain the new values of the C(I,J) matrix.

Routine INTEGR

This routine contains four different integration schemes; Simpson's,

rectangular, trapezoidal, and weighted averages.

computations are made to accomplish this,

Weighted averages

At . .

Trapezoidal rule

pE .
Zn = Zn_]_ + 2 (Zn - Zn-l)

Simpson's rule

_ .[E . . .
Zn = Zn_2 + 3 (Zy + 42, 1 + Zn_z)

Rectangular rule

Z, = Z,_1+ Ot Zy

Routine EULER 3

The following

This routine calculates the Euler angles from the vehicle angular
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velocities. The following equations are solved in this routine:

De D .
] It

Do
I

P sin Gy tan 6, + Q - R cos e

e '3
P cos y + R sin Gy

y tan ex

(-P sin 6y / cos 84) + (R cos 0y / cos 64)

These equations are then integrated according to some numerical technique

to obtain the new values of the Euler angles. Afterwards the following

computations are performed to obtain the C(I,J) matrix.

c(1,1) =

c(1,2) =

c(1,3) =

c(2,1) =

c(2,2) =

c(2,3) =

Cc(3,1) =

€c(3,2) =

C(3,3) =

Routine QUATER

This routine calculates the Cayley-Klein parameters from the vehicle

- e i e

sin ey cos Gz + sin Gx cos ey sin ez

cos ey sin ez + sin Gx sin 8, cos ez

y
cos ex cos ez
sin ey sin ez - sin ex cos Gy cos ez

-COS ex sin ey
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angular velocities. The following equations are solved in this

routine.
: 1
E; = 3(-EP - EQ- ER)
B, = %(-E3P + E,Q + ElR?
By = 3Z(E2P +EQ- ER)
E, = %(+E1P - E,Q + E,R)

These equations are then integrated accdrding to some numerical
technique to obtain the new values of the parameters. Afterwards the

following computions are performed to obtain the C(I,J) matrix.

c(1,1) = E- E)® - Eg” + E,’
€(1,2) = 2(-E{E, + EjE,)
C(1,3) = 2(+E,E, + EE,)
C(2,1) = 2(+E;E, + E E,)
c(2,2) = E - E)” + E32 - g,°
C(2,3) = 2(4E,E; - E,E))
C(3,1) = 2(-EE; +E,E,)
C(3,2) = 2(HEE, +EE,)
€(3,3) = E E22 - E32 -5’

Routine LINAC
This routine simulates a simplified version of the encoder
attached to the linear acceletration sensor. The following equations

are solved in this routine.
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z

Rounded down to
whole number.

J = RK+1 |
L = %0+ [Lm - K0 [ e /1,
L® = Y00 + [T - L6 [ 16 /1,
Z,(t) = Z,®) + [Z,() - Z )] [£- T®)| / T,
M (8) = [Ry(e) + X(to) ]| T 4,/2
ar () = [Yy(e) + ¥ (e0)] 1,72
A2 (t) = ?V(t) + Ev(to)] Toav/2
— ~
Prg = [AKE) + 8y1(e0)] / Quer
Pyq = :Aifv(t) + A&'{vl(to)] ! Qe >
Pag = [A5(0) ¥ 2By (e0)] / Qe
A}.{vq = Pxq el g
A‘.qu = Pyq Qel
szq = Prq Wer
MK (o) = ARy() - MK, () + Ak, (t,)
My1(te) = ANy (t) - Ao (£) + O¥y1(t,)
£2y1(te) = AZ(t) - DZa(£) + Do ()
Xo(t ) = X,(t)
Yylte) = ¥o(e)
Zy(to) = Z (t)

Routine TRANS

This routine transforms the velocities from vehicle-fixed coordinates

to space-fixed coordinates. The following computations are made
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| M (8) = C(1,1) AR(£) + C(1,2) AY(£) + C(1,3) AZ (¢)

| A () = C(2,1) MX,(t) + C(2,2) &Y (£) + C(2,3) AZ(t)

22;(t) = €(3,1) X () + C(3,2) AY (t) + C(3,3) AZ (t)
X (1) = Xi(r ) + AK;(t)

| S'Ii(t) = ii(to) +A{{i(t)

; Z;(8) = Zi(t,) + AZ;(t)

| X;(t,) = X;(t)
Yi(t)) = Y00

3 2;(t) = 23(t)

‘ ' Routine GRAV

This routine corrects the velocities and distances for gravity

assumming a spherical earth., The following calculations are made.

3

.e 2 2 2 —

sg - Me Xs / (X" + Yg" +2,)2

| Y., = / (X5 2422 '.3_'
Ysg = we Yo/ (XsT + Y + )3

.. 2 =

Beg = e Zs / (X" + Y2+ 2.2

These equations are then integrated to obtain the velocities due to

gravity, isg’ ng’ and Z__. Then

58
Xs = X, - X
s X, Xsg
YA SR A
Z =z -2z
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These equations are then integrated to obtain the position of the
vehicle in space-fixed coordinate system.

Routine PRINTO

This routine prints pertinent information for a complete
analysis of the system. This routine performs a few calculations

necessary for the print out. These calculations are:

Ry = \/xsz +v2 + 22
v, = \/xs + Y 24
D, = X Xg + Ysifs + 2.2,
b, = \(VgRe)? -
-1
y = Tan (D1/D2)
h = R, -R)
G = 90.0 - l%gz
and
A1 = Cc(1,1) c(1,2) + ¢c(2,1) €(2,2) + c(3,1) ¢c(3,2)
A, = C(1,1) €(1,3) + €(2,1) c(2,3) + €(3,1) ¢(3,3)
A3 = ©€(1,2) ¢(1,3) + €(2,2) C(2,3) + C(3,2) C(3,3)
A, = €(1,1) c(2,1) + €(1,2) €(2,2) + C(1,3) €(2,3)
Ay = C€(1,1) €(3,1) + C(1,2) €(3,2) + C(1,3) c(3,3)

Ag = C(2,1) C(3,1) + €(2,2) €(3,2) + €(2,3) C(3,3)
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c(1,1)2 + c(2,1)2 + ¢(3,1)?
€(1,2)2 + ¢(2,2)2 + ¢(3,2)2

c(1,3)2 + ¢(2,3)% + ¢(3,3)2

c(1,1)2 + ¢(1,2)2 + ¢(1,3)%

c(2,1)2 + ¢(2,2)2 + ¢(2,3)2

c(3,1)2 + ¢(3,2)2 + €(3,3)2

Routine ORBIT

This routine calculates and prints the orbital parameters.

following calculations are made.

Dy
Aorbit
Borbit
Eorbit
Raorb
Rporb
D2
Vaorb

Vporb

= (Rg Vs?) / ne

R / (2-D1)

Aorbit Dy cosz(7)

1 - Dy(2-Dy) cos?(7)

Aorbit (1 + Eorbit)

Aorbit (1 - Eorbit)

= Vg / (Dl cos 7)

DZ’(l - Eorbit)

il

Dy (1 + Eorbit)

The
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I1I. COMPUTER PROGRAM AND FLOW CHART

This section contains:

1)
2)

3)

Analytic Platform Simulation Program Listing.
Memory Map of Anmalytic Platform Simulation Program.

Analytic Platform Simulation Program Flow Chart.




$IBFTC MAIN
COMMON
COMMON
COMMON
COMMGCN
" COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMCN
COMMON

DFCK
/COMMC1/
/COMMG2/
/7 COMMO3/
/COMMO 4/
/COMMQO5/
/COMNOG/
/COMMOT/
/CoMMOB/
/COMMOg/
/COMMICY/
/COMM11/
/COMM12/
/COMM13/
/COMM14/
/COMM15/
/COMM16/
/COMM1 7/
/comm18/
/COMM19/

Analytic Platform Simulation Program Listing.

NUMBER s TXYZ o XTNPUT
VXS e XS

INNER

RSLL sGME

QANGs J
TCIJsTOTCIJ
QVFLsL
TNAV s TOTNAV
TCUTsVCUT

VPHIX

DELVXV

VX1

C

PsNsR

XaYsZ
KRFADIKFXACT+KOPT
TPRINT s TPRNOW
AXSG

RS s VS s GAMMA

NIMENSTION XTINPUT(7s70C)sVXS(3y)eXS(3)sVXT(3)sDFLVXVIK)sVPHIX(Q)sC( 3
193)sAXSG(3)sVXSGI3Ys THX(3) s VTHX(3)
KREAD=1
CALL READ1
-1 CALL READ2
KCUT=1]

2 IF (TOTCIJ.GE.TCUT)
IF (TOTCIJLLELTOTNAV)
GO TO 5

3 TCIJ=TCUT-TOTCIJU+TCIJ
TNAV=TCUT-TOTNAV+TNAV
TOTCIJU=TCUT
TOTNAV=TCUT
KCUT=2

4 CALL ANGVEL
K1=KEXACT*3~2
K2=KEXACT*3-]
K3=KEXACT*3
P=VPHIX(K1)
Q=VPHIX(K2)
R=VPHIX{K3)

GO TO (6s7+8)

6 CALL DIRCOS
GO TO 9

7 CALL FEULER3
GO TO 9

8 CALL QUATER

9 IF (KCUT.EQe2) GO TO 5
TOTCIU=TOTCIJ+TCIJ
GO TO 2

GO TO 3
GO T0 4

KOPT

Continued
25
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CALL LINAC

KDuUM=1

IF (KEXACT«GTe2) KDUM=2
L1=KDUM#*3-2

L2=KDUM*3-1

" L3=KDUM#*3

11

12

X=DELVXV(L1)

Y=DELVXV(L2)

Z=DELVXV(L3)

CALL TRANS

CALL GRAV
VS=SQRTIVXS (1) ¥%24VXS(2)%#%¥24VXS(3) *%2)
IF (VCUTLLE.VS) KCUT=2 '
IF (KCUT.EQe2) GO TO 11

IF (TPRNOWL.LE.TOTNAV) GO TO 11
TOTNAV=TOTNAV+TNAV

GO TO 2

CALL PRINTO
TPRNOW=TPRNOW+TPRINT
TOTNAV=TOTNAV+TNAV

IF (KCUT.EQe2) GO TO 12

GO TO 2

CALL ORBIT

GO TO 1

END

Continued
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$IBFTC READ1 DECK
SUBROUTINE READ1
C ABSTRACTeeeoeTHIS ROUTINE READS AND PRINTS THE INPUT PROFILES OF
C BOTH ANGULAR VELOCITY AND LINEAR ACCELERATION OF THE VEHICLE.
COMMON /COMMO1/ NUMBERsTXYZsXINPUT
" DIMENSION XINPUT(7,+700)
10 FORMATI(5X9s1595A9F T4 95X912)
20 FORMAT(3(5X9E1568)95X9FTel)
30 FORMAT(30Xs20H ERROR IN INPUT DATA»5XsF6el)
40 FORMAT(1H1s6Xs57HINPUT PROFILESeesANGULAR VELOCITY AND LINEAR ACCE
1LERATION)
50 FORMAT(//+6Xs23HTOTAL NUMBER OF POINTS=s15)
55 FORMAT(//+6Xs20HTIME BETWEEN POINTS=sF4els////)
60 FORMAT(6Xs4HTIMEs6Xs11HX ANGs VELe3s8Xs11HY ANGe VEL.38Xs11HZ ANGs
1VELes//)
70 FORMAT(4XsFbel193(4XsF1548))
80 FORMAT(//55Xs4HTIME»7Xs14HX ACCELERATION»5X»14HY ACCELERATION»5Xs1
14HZ ACCELERATIONs//)
READ(5510) NUMBERsTXYZsKPRINT
N=NUMBER
DO 1 J=1,N
1 READ(5520) XINPUT(19sJ)sXINPUT(25J)sXINPUT(35J)sXINPUT(7sJ)
DO 2 JU=1lsN
READ(552C) XINPUT(49J)sXINPUT(5sJ) sXINPUT(65J)sT
IF (ToNE. XINPUT(79J)) GO TO 3
2 CONTINUE
IF (KPRINT.EQe2) RETURN
GO TO &
i 3 WRITE(6+30) T
sTOP
4 WRITE(6+40)
WRITE(6+50) NUMBER
WRITE(6555) TXYZ
WRITE(6+60)
DO 5 J=1sN
5 WRITE(6570) XINPUT(7sJ) sXINPUT (15J)sXINPUT(2sJ) s XINPUT(39J)
WRITE(6,80) ‘
. DO 6 J=1sN
6 WRITE(6970) XINPUT(79J) s XINPUT (49J)sXINPUT(S59J) s XINPUT (69J)
RE TURN _
END

Continued




$IBFTC READ2

SUBROUTINE READZ2
ABSTRACTeeses THIS ROUTINE READS AND PRINTS ALL INITIAL CONDITIONS

DECK

28

C AND ALL SYSTEM OPTTONS,

CCMMON
COMMON
COMMON
COMMON
COMMOCN
COMMON
COMMON
COMMOQON
COMMON
COMMON
COMMON
COMMON

/COMMO2/
/CcomMMn3/
/7COMMOG /
/COMMOS/
/ COMMO&/
/ COMMO T/
/coMmMmes/
/COMMO9/
/COMM12/
/C0Oi4M13/
/COMMIE/
/COMM1I T/

VXSe XS

INNFR

RSLL +GME
QANG s J
TCTJsTOTCIY
QVEL sL
TNAVSTOTNAV
TCUTsVCUT

VX1

C
KREADSsKEXACTsKOPT
TPRINT s TPRNOW

DIMENSION VXS(3)sXS(2)sVXI(3)9C(353)

10 FORMAT(3(5XsF1548)) ‘

2C FORMAT(//7e3CXe60HX=INITIAL VELOCITY (M/S)eeeessssscesceccscsccssscsccs
10.000.00009F15089//)

30 FORMAT(30Xs6IHY=INITIAL VELOCITY (M/S)leseececccsscscccccccsccccsvsce
1...0..009E15.89//)

4Q FORMAT(BQXQGOHZ—INITIAL VELOCITY (M/S)esessecccccscresscsccscsccccnss
leeoeecocesbE15e89//)

,SC FORMAT(30X96OHX—INITIAL DISPLACEMENT (METERS)oooooooo-ooooooooooo.
1..-.....’E15089//,

6C FORMAT(30X s 60HY=INITIAL DISPLACEMENT (METERS )eeesessoesscsosscnccscs
1..000...9E15.89//)

70 FORMAT(BCX96CHZ“INTTIAL DISPLACEMENT (METEPS)oooooooaooo.co.oooooo

'1.0000.00’E15.89//)

8C FORMAT(30Xs6CHINITIAL RADIAL DISPLACEMENT (METERS)ecesecscccscccses
lesoeosseeesF1548s//)

90 FORMAT(3OXQ6UHEARTH GRAVITY CONSTANT (M/S/S5)eveasecccscsscccsoccscccse
1....0...9E15.8’//)

100 FORMAT(3(12+2X))

110 FORMAT(3OX96OHPRINTING TIME (SEC)eeeesscesosscscccscsccsccnnccnccsnnoe
1.000000.9E15.89//)

120 FORMAT(3OX;6OHCUTOFF TIME (SEC)evo0eececsccsccccsoccsccccscscscccnccscne
leoosceeersE1SeBs/7)

130 FORMAT(30X96OHVELOCITY CUTOFF (M/S)eeescveccscsccscocccssscscscsnscsose
leseccecsesE15e89//)

. 140 FORMAT (30X s6CHNAVIGATICONAL CYCLING TIME (SEC)eececcsccoscecscsccsccene

1..0..0..9E15.8’//) 7

150 FORMAT(30XeACHC(TIsJ) CYCLING TIME (SEC)eeseeccsccescssososcsccsscscscose
leoesceoeeeesE15:89//) )

160 FORMAT (30X s 60HANGULAR DISPLACEMENT QUANTIZATION LEVEL (DEG)leecescecse
lessoceseeasE1DeBs//)

17C FORMAT (30X »60UHLINEAR VELCCITY QUANTIZATION LEVEL (M/S)eeesccsssssse
leseocseessE15489//)

18C FORMAT (40X ¢ 29HANGULAR VELOCITY eseeeeeeEXACTS//)

19C FORMAT (40X ¢ 37THCHANGE IN VELOCITYeeoessNOT QUANTIZEDS//)

Continued




200
210
220
230
250
260
270
280C
290
" 300
310
320
330
340

! .17
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FORMAT (40X s 3THANGUL AR VELOCITYeseeoeeoeNOT QUANTIZEDs//)
FORMAT(4CX s 33HANGULAR VELOCITY eeseeee e QUANTIZEDS//)
FORMAT (40X 9 33HCHANGE IN VELCCITYeeeeoeGQUANTIZEDS//)
FORMAT (1H1) .
FORMAT (40X s 49HINPUT DATAeececee o INITIAL CONDITIONS AND CONSTANTSs/)
FORMAT (40X 9 26HINPUT DATAceceee o VARIABLESS///)
FORMAT (40X 936HOPTION ONEeeeeoessePNTRECTION COSINESs//)
FORMAT (40X 9 37THOPTION TWOeeeooeseeZULER THREE ANGLFESs//)
FORMAT (40X s 30HOPTION THREF eeeeeee QUATERNIONS/ /)
FORMAT (40X ¢ 29HWEIGHTED AVERAGE INTEGRATION )

FORMAT (40X 9 24HTRAPFZOIDAL INTEGRATION )
FORMAT (40X 9 21HSIMPSONS INTEGRATION )

FORMAT (40X s 24HRECTANGULAR INTEGRATION )
FORMAT(///77777)

GO TO (1+2)s KREAD

WRITF(6+230)

WRITE(69340)

WRITE(6+250)

READ(S591C) VXS(1)sVXS(2)sVXS(3)

READ(54510) XS({1)sXS5(2)9XS(3)

READ(5+10) RSLLsGMF

WRITF(6+20) VXS(1)

WRITE(6+30) VXS(2)

WRITE(64+40) VXS(3)

WRITF(6450) XS(1)

WRITE(6+60) XS(2)

WRITE(6570) XS(3)

WRITE(6480) RSLL

WRITE(64+9C) GME

A=VXS(1)

B=VXS(2)

G=VXS5(3)

D=XS (1)

E=XS(2)

F=X5(3)

KREAD=2

READ(5+100) KEXACTsKOPT s INNER

READ(5510) TPRINT»TCUTSVCUT

READ(5510) TNAVSsTCIlJ

READ(5510) QVELQANG

DO 17 I=1+3

READ(591C) (C(IsJ)sJ=1s3)

VXS(1)=A

vVX5(2)=8B

VXS(31=G

Xs(1)=D

XS(2)=€

XS(3)=F

VXI(1)=VXS(1)

VXT(2)=VXS(2)

VXI(3)=VXS(3)

L=1

Continued



J=1
TPRNOW=0,0
TOTNAV=0,0
TO0TCIJ=0,0
WRITE(6+230)

" WRITE(6+340)

12
13
14

15
16

WRITE(6+260)
WRITE(6+110)
WRITE(65120)
WRITE(6+130)
WRITE(6+140)
WRITE(6+150)
WRITE(6+160)
WRITE(645170)

QANG=QANG¥*3.14159265/180.C
GO TO (3+495)s KEXACT

WRITE(6+180)
WRITE(6+190)
GO TO 6
WRITE(6+200)
WRITE(6+190)
GO TO 6
WRITE(6+210)
WRITE(6+220)
CONTINUE

GO TO (7+8+9)s KOPT

WRITE(6+270)
GO TO 11
WRITE(6+280)
GO T0 11
WRITE(6+290)
CONTINUE

GO TO (12s13s14515)s INNER

WRITE(6+300)
GO TO 16
WRITE(65310)
GO TO 16
WRITE(6+320)
GO TO 16
WRITE(6+330)
RETURN

END

TPRINT
TCUT
VCUT
TNAV
TC1J
QANG
QVEL

30

Continued
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$IBFTC ANGVEL DECK
SUBROUTINE ANGVEL
C ABSTRACT eeeeeTHIS ROUTINE SIMULATES A SIMPLIFIED VERSION OF THE
C ENCODER ATTACHED TO THE SeA«Re .
COMMON /COMMO1/ NUMBERSTXYZ s XINPUT
" COMMON /COMMOS/ QANGsJ
COMMON /COMMC6/ TCIJsTOTCIJ
COMMON /COMM10/ VPHIX
DIMENSION XINPUT(7+700)sVPHIX(9)
IF (TOTC1JU«EQeD40DY GO TO 1
2 IF (TOTCIJeGTXINPUT(T79J)) GO TO 3
GO TO 4
3 J=J+1
. GO T0 2
o4 K=J=-1
XK-(TOTCIJ*XINPUT(79K))/TXYZ
VPHIX(1)={(XINPUT(1sJ)=XINPUT(1sK))%EXKEXINPUT(1sK)
VPHIX(2)=(XINPUT(2sJ)=XINPUT(29K))%XK+XINPUT(24+K)
VPHIX{3)=(XINPUT(39sJ)=XINPUT(3sK) ) %¥XK+XINPUT(35K)
GO TO S
1 VPHIX(1)=0.0
VPHIX(2)=0.,0
VPHIX(3)=0,C
XOLD=0,0
YOLD=0.0
Z0LD=0,0
XLEFT=0.0
YLEFT=0,0
ZLEFT=04,0
S VPHIX(4)=(VPHIX(1)Y+XOLD)*TC1J/2.0
VPHIX(5)=(VPHIX(2)+YOLD)*TCI1J/2.D
VPHIX(6)=(VPHIX(3)+ZOLD)*TC1J/2.0
NX=(VPHIX{4)+XLEFT)/QANG
NY=(VPHIX(S5)+YLEFT)/QANG
NZ=(VPHIX{6)+ZLEFT)/QANG
VPHIX(4)=VPHIX(4)/TClJ
VPHIX{5)=VPHIX(5)/TCI1J
VPHIX(6)=VPHIX(6)/TCIlJ
PX=NX
PY=NY
PZ=NZ
VPHIX(7)=PX*QANG/TC1J
VPHIX(8)=PY*QANG/TCILJ
VPHIX(9)=PZ*QANG/TCIJ
XLEFT=(VPHIX(4)~- VPHIX(7))*TCIJ+XLEFT
YLEFT=(VPHIX(5)=VPHIX(8))*TCIJ+YLEFT
2LEFT=(VPHIX(6)-VPHIX(9))*TCIJ+ZLEFT
XOLD=VPHIX(1)
YOLD=VPHIX(2)
Z0LD=VPHIX(3)
RETURN
END

Continued




$IBFTC DIRTDNS DFCK
SUBRCUTINF NRIRCOS

COMMON /COwMMC3/  TNNER
COMMON /CUMMT6/7 TCT1JsTOTCIJ
COMMON /COMM13/ C

COMMON /7C0OMM1I4/ PO R
NDIMFNSTION C(34+3)
X1=C(1e2)1%¥R~=C(1432)%Q
X2=C(1e3VY#P=C(141)*¥R
X3=C(191)%¥Q=C(1s21%P
X4=Cl(2 421 ¥R =C(243)%Q
X5=C(2e31V%¥P~-C(241)*R
X6=C(2911%Q0-C(242)%P
XT=C(342)%R=C(343)%Q
X8=C(3s3)*¥P—-C(351)%R

XO=C (3911 ¥0~C(342)%P

IF (TOTCIJeGTeNe?)Y GO TO 1

Y1=X1
Y2=X2
Y3=X3
Y4=X4
Y5=X5
Yé6=X6
YT7=X7
Y8=X8
Yo=X9
21=Y1
22=Y2
Z3=Y3
Za=Y4
25=Y5
26=Y6
27=Y7
28=Y8
29=Y9
GO TO
1 CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

2
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ABSTRACTseeee Tills ROUTINE CALCULATES ThHL DIRECTIUN CUSINES FROM
THE VEFHICLF ANGULAR VELOCITIES,

INTEGR(TCIJsZ1sY1sX1sCl1s1))

INTEGR(TCIJsZ2sY2eX2sC(192))
INTEGRIITCIJU9Z35Y3sX3sC(1s3))
INTEGRI(TCIUsZG9YLeXL4s(C(291))
INTEGRITCIJeZ5sY5eX59C(242))
INTEGR(TCIUsZ6EsYH9XE6E9C(293))
INTFGRI(TCIJsZT7eYTeXTsC(341))
INTEGR{TCIJsZ8sYB89XBaeC(342}))
INTEGR(TCIJ9ZG YT 9XG9C(34s2))

? RFTURN

END

Continued
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INTEGR DFCK
SURRTUTINF INTFGR(INT 4734727297162
ARST ACT aeeeetilS ROUTTIAF CONTAINS FOUR DIFFERENT
SCHENVES s STMP NG RECTANCULAT o TRAPFZODIAL o £ ND wFIGH
CONMMON o0t fiays TNNFR
GO T0 (19293e4)s INNER
2=24NTH(R,0K%71-72V72,"

GO T 5
2=2+DT*(22421)/24F

GO TO 5
Z2=24DT%(23+4a7%722471) /64
GO JO 5

2=71+DT*%21

23=22

22=21

RFTURN

FND

Continued

-0
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SIBFTC FULFR3 DFCK

C
e

SUBRCUTINE EULER3

ABSTRACTaseeeTHIS ROUTINE CALCULATES THE FULER ANGLES FROM
THE VFHICLET ANGULAR VELOCITIFS.

COMMON /COMMN3/ TNNFR

- COMMON JCOMMOE/ TCIJ»TOTCOTLY

W

COMMON /COMMI3/ C

COMMNON /COMM1 4/ PeNQsR

NDIMENSTON Cl393) 9 THX{3)sVTHX(3)

IF (TOTCIJeGTal6e?) GO TO 1

THX(1)Y=ARSINIC(342))

THX(2)=ARCOS(C(343)/COS(THX(1Y))

THX(3)=ARCCS(C{2+2y/CCS{THX(IY ]

TAN=SIN(THX (1)) /COSCTHX(1))

VTHX(1)y=PXCOSITHX(2))+R¥SIN(THX{2))

VIHX (2 ) =P*SIN(THX( 2V ) *TAN+O=R¥CCSITHX(2) ) *TAN

VIHX( 2y ==PESTNITHX {21V /COSTITHX (1YY 4RECOSITHX(2Y Y /CO5(THX (1))

IF (TOTClJeGTeDe™) GO TO 2

YI=VTIHX(1)

Y2=VTHX(2)

Y3=VTHX (3}

Z1=Y1

22=Y2

23=Y3

GO TO 3

CALL INTFGRIITCIJsZ1aY1aVTHXITYsTHA(LY)

CALL INTEGRITCIJsZL2sY29VTIHXI2VeTHA(2))

CALL INTFGRI{TCIJeZ39Y33VTHX{3)sTHX(2))
Cl191)=COSITHX(2Y)1*¥COSITHX( ) ) =CTR{THX I *: 1 UTEX(2) ) %¥SINITHX(3))
Clle2)==COS{THX(IIYXSIN(THC{(3I W)
CU193)=SIN(THX(2) ) *¥COSITHX (2 ) +L i NITHX(IY Y HCOSITHXI(2 Y *SIN(THX(3))
CL{291)=COSUTHX{ 2 Y *SIN(THX(2) ) +5T A0 THX (1)) *¥SINCTHX (2 )y ¥CTSITHX(3))
C(292)=COS{THX(1)IY®COS(THX(3))
Cl293)=SINI(THX{2)y%STN(THX{2Y ) =SIN(THX ()Y ¥ COSITHX(2) Y ¥CUSITHX(3Y)
Cl39]1)==COS(THA(III*STIM(THL(2)) '
C{3+2)=SIN(THX(1 )

Cl393)=COSHITHX{ 1Y *COS( Tt -t 2

RETURN

END

Continued



$IBFTC QUATER DECK

SUBROUTINE QUATER

C ABSTRACTeeeee THIS ROUTINF CALCULATES THE CALEY-KLEIN PARAMETERS
FROM THE VEHICLE ANGULAR VELOCITIES, .

COMMON /COMMO13/ INNER
- COMMON /COMMQOG6/ TCI1JsTOTCIJ
COMMCN /COMM13/ C
COMMON /COMM14/ PsQsR
DIMENSION C(3s3)
IF (TOTCIJaGTeCeO) GO TO 1
El=1.0
E2=040
E3=0,0
E4=0460
1 X1=0,5%(-E4%P~E3%¥Q~F2%R)
X2=05%(-E3#P4+FE4*¥Q4+E]1%R)
X3=Coe5% (+E?%¥P+E1 %3-F 4%R)
X4=0e5%{+E1 ¥P-FD#Q4+E3%R)
IF (TOTCI1JeGTeleD) GO TO 2
Y1=X1
Y2=X2
Y3=X3
Y4a=X4
21=Y1
22=Y2
23=Y3
24=Y4
GO T0 3
2 CALL INTEGR(TCIJsZ1lsY1eX1sE1l)
CALL INTEGRI{TCIJ9Z29Y29X2+E2)
CALL INTEGR(TCIJsZ3sY39X3sE3)
CALL INTEGRI(TCIJUsZ4 s Y49 Xb4sEL)
C(lel)=E1X¥F1-E2%E2~-E23%E3+E4L4XE4
C(le2)1=2,U*(~-E1*¥E24+E3%FE4)
Cll93)=2C%(+E2*E4+FE1¥ER)
Cl291)=2UX%(+E3XEL+ELIXE2)
C(2+2)=E1%E1-E2%E24E3%E3-E4XE 4
Cl2+3)=24,U%{+E2%E3-F4%F1)
C(391)=2.0%(-F1%E34E2%F4)
C(32)=24C*¥ (+E2%E34+F1%F4)
C(393)=FE1*¥F1+FE2%E2-E3*xF3-F4%FE4
3 RETURN
END
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SIBFTC LINAC  DECK
SUBROUTINE LINAC
C ARSTRACT eeeeeTHIS ROUTINE SIMULATES A SIMPLIFIED VERSICN OF THE
C ENCCPDER ATTACHED TN THF PeleGeA.
COMMON /0O "0/ NUMAFR 3 TXYZ o X TRPUT
COMMNN /COMQT/ QVELsL
CCMMON /COMNMIB/ TNAVSTOTHNAV
COMMON /COMM11/ DELVXV
NTAFNSTON XINPUT( 75700 ) sDELVXV(6)
, IF (TOTNAV.EGeued) GO TO 1
! ? IF (TOTNAV.GTXINPUT(7st)) GO TO 3
| GO TO 4
3 L=L+1
GO T0 2
L 1 XOLD=XINPUT (4s1)
YOLD=XINPUT(5s1)
ZOLD=XINPUT(691)
DELVXV(1)1=0a0C
DFLVXV(2)=0a0
DELVXV(3)=0eC
DELVXV(4)=0el
DELVXV(5)=0e4
DELVXV(6)=040
ZLEFT=04C
YLEFT=0.9
XLEFT=0,0
GO TO 5
4 K=L-1
: XK={TOTNAV=XINPUT(7+K))/TXYZ
f XNEw= (X INPUT(4sL)=XINPUT (49K} V¥XK+XINPUT (49K)
YNEW= (XINPUT(5sL)=XINPUT(5sK) ) ¥XK+XINPUT(59K)
ZINEW=(XINPUT(6sL ) =XINPUT(69sK) ) ¥XK+XINPUT (69K)
DELVXV(1)=(XNEW+XOLD)*TNAV/2eC
DELVXV(2)=(YNEW+YOLD)*TNAV/ 24 G
DELVXV(3)=(ZNEW+ZOLD)I*TNAV/ 240
NX= (DELVXV(1)+XLEFT)/aVEL
NY=(DELVXV(2)+YLEFT)/QVFL
NZ=(DELVXV(3)+ZLEFT)/QVFL
PX=NX
PY=NY
PZ=NZ
NELVXV(4)=PX%¥GVEL
DELVXV(5)=PY*®QVFL
PELVXV(6)=PZ*QVEL
XLEFT=DELVXV(1)+XLEFT=DFLVXV (&)
YLEFT=DELVXV(2)+YLFFT-DFLVXV(5)
ZLEFT=DELVXV(3)+2LFFT-DELVXV(6)
XOLD=XNEW
YOLD=YNEW
ZOLD=7ZNEW
5 RETURN
END

Continued



$IBFTC TRANS ~ DECK

SUBROUTINE TRANS _
C ABSTRACTeeeeeTHIS ROUTINE TRANSFORMS THE VELOCITIES FROM VEHICLE-
C FIXED COORDINATES TO SPACE-FIXED COORDINATES,

COMMON /COMM12/ VX1

COMMON /COMM13/ C

COMMON /COMM15/ XsYsZ

DIMENSION C(353)sVXI(3)sDELVXI(3)

DO 1 I=1+3

DELVXI(TI)=C(Is1)%X4+C(Is2)%Y+C(193)%2

1 VXI(I)=VXI(I)+DELVXI(])
RETURN
END

Continued



$IBFTC GRAV ~ DFCK

SUBROUTINE GRAV
C ABSTRACT eeeeeTHIS ROUTINE CORRECTS THE VELOCITIFS AND DISTANCES
c FOR CGRAVITY ASSUMMING A SPHERICAL FARTH,.

COMMON /COMMQO2/ VXS eXS

COMMON /CCMM(03/ INNER

COMMON /COMMO4/ RSLL sGME

COMMON 7COMMC8/ TNAVSsTOTNAV

COMMON /COMM1I2/ VX1

COMMON /COMM1B8/ AXSG

DIMFNSION XS(3)sVXS(3)sVXT(3)sAXSG(3)sVXSG(3)
RS=SQRTIXS(1)1%¥XS{1)4+XS(2)1*¥X5(214X5(3)1%X5(3))
AXSG(1)Y=GME%XXS(1)/(RS*¥RS*RS) '
AXSG(2)Y=GME*XS(2)/ (RS*RS*RS)
AXSG(3)=GMEXXS(3)/ (RS*¥RS*¥RS)

IF (TOTNAV,GT.0,0)Y GO TO 1
VXSG(1)Y=040

VXSG(2)Y=0a0

VXSG(3)=0,40

Y1=AXSG(1)

Y2=AXSG(2)

Y3=AXSG(3)

Z21=Y1

22=Y2

23=Y3

GO TO 2 )

1 CALL INTFGRUITNAVsZ1eY1sAXSG(1)sVXSG(1))
CALL INTEGRITNAVSZ?2 Y2 s AXSG{2)sVXSG(2))
CALL INTFGR(TNAVsZ35sY3sAXEG(3)VXSGI3))
VXS{T)y=VXT(1)Y=-VXSG(1)
VXS(2)=VXT(2)=-VXSh{2)
VXS5(3)=VXI(3)=-VXSG(3)

IF (TOTNAV.GTTe) GO TO 3

2 Y4&a=VXS(1)

Y&s=VXS(2)
Y6=VXS(3)
Z4=Y4
25=Y%
26=Y6

GO TO 4

2 CALL INTEGR(TNAVeZ4sY44VXS(1)eXS(1))
CALL INTEGR(ITNAVsZ5sY5sVXS5(2)9sX5(2))
CALL INTFGRIUTNAVeZBsYEsVXS(3)eXS(3))

4 RETURN
END

Continued
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$IRFTC PRINTC DFCK

r
~
-

10C
101
1C2
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117

SUBRROUTINF PRINTO

ABSTRACTeeeeasTHIS ROUTINF PXRXINTS PERTINENT INFORMATION FOR A
COMPLFTE AMALYSTS NF THF SYSTEM,

COMMON  /JCOMML.2/ VX34XS

COMMON /COVMU4/ RSLL sGME

COMMON /COMMUB/ TNAVSTOTNAV

COMMCN /7COMMICY VPHIX

COMMON /COMM1I1/ DELVXV

COMMCN /COMM12/7 VXTI

COMMON /CCMM13/ C

CCMMON /COMMIB/ AXSG

COMMON /COMM]19/ RSeVSsGAMMA

NIMENSTON VXS(3)sXS(2)sVPHIX{G)sDFLVXVIE6)sVXI(3)eC(393)9sAXSG(3)
FORMAT(1IH19///77//7910X913H TIME (SEC) =9E1245)

FORMAT (/92BXs2HXS918Xe?HYSs18Xs2?2HZS)Y

FORMAT (/928X 93HVXS 917X e3HVYSs17X93HVLIS)

FORMAT(/ 928X 93HVXT 917X e3HVY1e17Xe3HVZITI)
FORMAT(/41CXe21H ORTHUGONALITY CHECK
FORMAT(/+1CX923H TRANSFORMATION MATRIX )
FORMAT (22X +s6FE2048)

FORMAT(/410Xe21H HFIGHT ABOVE EARTH =4F15,891Xe7H METERS)
FCRMAT(14Xe17H TOTAL VFLOCTITY =9F15,891Xe8H MFT/SEC)
FORMAT (22X +8H GAMMA =F154,R41Xs8H DEGREFS)
FORMAT(/+10Xs16H NORMALITY CHECK)

FORMAT (/922X o614 VPHIXe14Xs6H VPHIY s14Xs6H VPHIZ)
FORMAT(7TX9s15H(NDT QUANTIZED)93E2048)
FORMAT(11Xe11IH(QUANTIZED)s3E2248)

FORMAT (/932Xs7H DELVXVe13Xs7H DELVYVs13XsTH DELVZV)
FORMAT (22X s3E2048)

FORMAT (/928X s4HAXOGs 16X e 4HAYSG 916X 94HAZSG)

FORMAT (10X e12H(DFRIVATIVE)s3F20.8)
RS=SORTIXS( 1)1 %XS(1)4+XS(21%XS5(2)14XS(3)%XS5(3))
VSE=SQRTIVXS (1) ¥VXS (1 )1+VXS{2)%VXS(2)+VXS(2)%¥VXS(3))
N1=XS11*VXSET )4+ XS (21 %¥VXSIDY 4+ X531 ¥VXS(3)
N2=SCRT((VS*¥RS)¥%#2-D1%#%2)

GAMMA=ATANZ2 (D1sDN2)

H=RS=-RSLL

G=90.0=-GAMMA%X57,295779 _
Bl1=C(191)1%C(191)4+C(291)%*¥C(291)+4C{(351)%C(341)
B2=C(192)%C(192)14C(22)%C(2+2)+C(392)%C(3,2)
B3=C(1e3)%C({1e3)4C(293)%C(2+3)4C(243)1¥%¥C(3493)
B4=C(191)1¥C(1o1)+C(192)1%C(192)4C(193)%C{(1+3)
B5=C(291)1%#C(201)14C(292)#C(292)1+4C(23)%C(2+3)
B6=C(341)%¥C(391)4+C (2421 %C(342)1+C(363)%C(2473)
A1=ClT1e1)%C(192)14C(291)%C(292)4C(391)%C(342)
A2=Cl1e1)%¥C(1s2)4C (211 %C{2+3)4C(391)1%¥C(3473)
A3=C{1e2)%C(193)+4C(292)%C(293)+C(3+2)%C(343)

A4=C (191 )%C{2s1)+C{192)%C(22)4C(1s3)%C(2473)
AS=C(1eo1)¥C(391)+C(192)%C(392)4C(193)%C(343)
AB=C(2411¥¥C (39114 C(242)%C(392)+4C{2e3)%C{243)

Continued



WRITE(6s10L0)
WRITF(64+111)
WRITE(64+117)
WRITFE(6+112)
WRITF({64+113)
WRITF(6+114)
WRITF(6+112)
ARITE(69113)
WRITE(6+105)
DD 1 I=1-3
WRITE(6+106)
WRITF{6+104)
WRITE(6,106)
WRITE(65106)
WRITE(6+110)
WRITE(6,106)
WRITF(64+1C6)
WRITE(64,116)
WRITF(6+115)
WRITE(6+101)
WRITZ(6+115)
WRITZ(6,102)
WRITF(6+115)
WRITE(6+103)
WRITE(64115)
WRITF (6,107
WRITE(6,5,1C8)
WRITF(6s109)
RETURN

END

40

TOTNAV

VPHIX (1) s VPHIX(2)sVPHIX(3)
VPHIX (4) s VPHIX(5) 3 VPHIX(6)
VPHIX(7)sVPHIX(B)sVPHIX(9)}
NEFLVXV 1) o DNFLVXVI2YyeDFLVXVI(3)
NELVXVI{4) s DELVXVIS)YsDELVXVI(6)
ClIs1)esClTIe2)eC(I93)

A1 4A24A3
AL s AS 4 A6

R1sRZ24R3
Q4 4R5 4 RH

AXSJ(]),AXSG(Z)sAXSG(3)
XS{1)eXS{2)eXS(3)
VXS{1)eVXS({2)eVXSI(3)
VXT(1)sVXTI(2)aVXI(3)

H

VS

G

Continued
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$IRFTC ORBIT  DECK

lu)

SUBRQUTINE ORBIT

ABSTRACTeeseeTHIS ROUTINE CALCULATES AND PRINTS THE ORBITAL
PARAMETERS,

CCMMON /COMMO4/ RSLLSGME

COMMON /COVM1GQ/ RS4VSsGAMMA )
FORMAT (30X s 39HSEMIMAJOR AXIS..........oo.ooo-oooootoo’Elsoe’//’
FORMAT (3CX s 39HSEMIMINCR AXISeeseescososscocssssccsacessilDeBs//)
F-ORNAT(BUXSBQHECCE\!TRICITYQQOQo-.ooocooocoooocooo.ooo9E15.89//)
FOR“‘AT(BOX’BgHAPOGt_E Q’\DIUS............-oooooo..o-.oo9El5089//’
FCRMAT{ 30X s 39HPERIAGEE RADIUCesssessccsescccccscscscsensbElbe8r//)
FCRMAT(BUX,BgHOD\BIT'\L VELOCITY AT APQGEE........-....9E1508'//)
FCRMAT (30X s 39HORBITAL VELOCITY AT PERIGEFEseessenseseesElDSe89//)
FCRMAT(1H1)

FCRMAT(//7777777)

D1=(RS%VS*%2)/GME

AORBIT=RS/(2.0-D1)

RORBIT=AORRIT*D1*#COS(GAMMA ) %% 2
FORBIT=SQRT(1eC~D1*(2,0=-DII*COS{GAMMA ) ¥%2)
RAORB=ACRBIT*#(1.0+F0ORRIT)

RPORB=AORBIT*(1,0-FCRBIT)

D2=VS/{D1*COS(GAMMAY)

VAORB=D2*(1.0-EDORBIT)

VPORB=D2*(1,0+EORBIT)

WRITE(6480)

WRITE(6,590)

WRITE(641C) AORBIT

WRITF(6+20) BRORIIT

WRITE(6+30) EORBIT

WRITE(&4+40) RAORR

WRITE(6+50) RPORR

WRITE(6+60) VAORR

WRITF(6470) VPORR

WRITF(6+80)

RETURN

FND

Continued




SYSTEM,

Memory Map of Analytic Platform Simulation Program.

INCLUDING TUCS

FILE 8LCCK ORIGIN

NUMBER CF FILES

1.
2.

CBJECT PRCGRAM

l.

2.

3.

4.

5

6.

Te

8.

9.
10.
11.
12.
13.
l14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26‘
217.
28.
29.
30.
31.
32.
33.
34.
35.
36.

{# — INSERTIGNS CR DELETIONS MADE IN THIS DECK)

INPUT - CUTPUT BUFFERS

S-Fbl'v
S.FBCU

CeCK
CECK
CECK
CeCK
DECK
CECK
DECK
CECK
CECK
CECk
CECK
CECK
CECK
SUBR
SUBR
SUBR
SUER
SUBR
SUBR
SuBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SuUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR

UNUSED CORE

OCBJECT PRCGRAM IS BrING ENTLRED

*MAIN
tReAol
*READZ
*ANGVEL
*CIACUS
YINTEGR
YEULER?3
*QUATER
'LINAC
*TRANS
*GRAV
YPRINTS
TORBIT
*INSYFRS
COUSYFR
*PULSTX
'FOS
‘FCo
*ICS
'Rl
'ECvV
'*FCV
'FCv

) S

' XCV
TINTJ
‘FFC
CFPT
*XEM
*S.WRIT
*CNSTNT
'XIT
TATN
*SCN
*ARSCN
PSR

1

L}
]
1]
.
]
L
L]
L}
L
L
L}
L
L}
]
L)
L

% X % ® %X @ 6 6 x & X X X

INTO
42

12451
12474

12517
24631
25323
27016
21357
27713
30056
30701
31320
31637
31717
32204
33500
GooQon
Qéeac
34141
342017
34210
34211
34463
35170
35436
35537
35642
35662
357C0
36214
36614
37164
37241
37255
37265
37267
371517
37676
40015

STORAGE «

00C00 THRU

12451

1?2517 THRU

717067 THRU

4C115 THRU

12442

40114

17776

17062



NE

ANGVEL

DIRCOS

FULER 3

QUATER

Continued on next page




Continued from previous page
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Fig. III-1--Analytic Platform Simulation Program Flow Chart.




IV, TEST CASE

In an effort to check the Aaccuracy of the analytic
platform simulation program, a test case was assumed with the angular
velocity and linear acceleration profiles shown in Figure IV-1. The
following equations represent the vehicle accelerations in the space-

fixed coordinate system where a shperical earth gravity model has been

assumed.
. n X
.}i = (kzt + k3) COS(klt) - £.8
s 3/2
. HeXs
Z = (kzt + k3) Sin(klt) - 2
s (xsz + zs2)3/
where
kl = /1200 0 <t <600
1/4 0 <t <160
k2 = -1759/44 160 < t < 161
1/44 161 < t < 600
k3 = 10 0<t<160
70360/11 160 < t < 161
70/11 ) 161 < t < 600

These differential equations are solved using a three-pass Runge-Kutta
numerical technique on a digital computer with a At of 0.2 seconds.
The results of this numerical solution is presented in the table at
the énd of the chapter.

45
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This section contains:

1)
2)
3)

4)

5)
6)

Input profiles for the Test Case.

Input data for the Test Case.

Output data from the Analytic Platform Simulation, showing
Vehicle Status.

Output data from the Analytic Platform Simulation, Showing
Vehicle End-conditions.

Runge-Kutta numerical integration digital computer program.
Comparision of the Vehicle Position and Velocity as
determined by both the numerical method and the simulation

method.
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INPUT PROFILESeee e ANGULAF VFLNCITY

TIME RETWFEN

X

ANG o

VFL.

48

- TOTAL NUMBER OF POINTS= 671

POINTS= 1 SECOND

Y ANG. VFL,

-0626179928F-(2
~Ce26179938BE-02
~0e26179938E~72
~0e26179938E-02
~0426175938E-02
~0e26179938E-002
~Ce26179938F-N7
~e?6179938E-7"2
~(16261799728F=-1-2
~0e26179928F=-0D
~De?617992RF="1D
~0e26179938F=-02
~Ce2617G8928E-02
~Ce26179938F-2
~(+26179938F-02
~0e261799238E-02
~Ce26179938E-02
~Ce26179928E-02
~e2617G6938E-02
~0e26179938E-02
~De?26179G3RF=072
~Ne26179938E-02
~Ne26179938F-02

 ~(e2617993RE-12

~1e26179938E-)2
~0e26179938E-12
~0426179938F=(;2
~0e26179938FE-02
~Ce26179938F=02
~e26179938E-(12
~0e26179938E~02
~(¢26179938F-"2
~0e26179928FE-37
~N¢26179928F=":2
~Ce2617993RF=N72
~0426179938F=-12
~('e26179938E-02
~(e26179938F—ii?
~0426179938F=(2
~Ce26179938F-02
~Ce26179G38E=12

Continued

Z ANG.

0o
Coe
Oe

VL,

TIME

QO OIDDIDODOODOOODOOD

—
HOOVONIOTWMPE WNO
e & & & & 0o .0 o

[P —
HoN

.
15.0
1640
170
18640
19.0
2040
210
2200
?3.0C
2460

- 2540
2660
270
2840
29.0
3060
2320
23,0
3440
3540
3660
37«0
3840
4040
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—04?617992RF=02
~Ce26179028F-02
~0425179928F-02
—0425179528E-C2
~Ce26179938F=G2
~Ce2617993RF-02
~Ce26179938E-02
-Ce26179938E-02
~Na26179938E-02
-0426179938E-12
~Ce?26179938E-02
~0426179038E-02
—Ce?26179938F="7
~2e26179938F=)
-0.26179938F-02
—042617953BE-07
—04?6179938F=02
~0426179538E-02
~0426179938F=-02
-0426179938E-02
-0426179938E-02
~Ce2617993RE~C2
~0426179938F-22
-0426179938F=02
~Ne2617993RF~N2
~0e26]7Q02RE=D)
-Ge26179928F~02
~0426179938E-02
~0426179938E~02
-04261799385-02
-7e26179938F=-N2
~0e26179938E~02
~0426179938E-02
~0426179938E~72
—0426179938E-12
-04256179938E-02
~0426179938F-N2
~Ce2617993BE=-N2
—0e26179938E-02
~0e26179938E-02
-0e26179938E~C2
~0426179938E-02
~Ce26179938E-02
-0426179938E-02
-0426179938E-02
~0426179938E-02
~04261799328F=02
~M426179938E-72
~0426179938F=02
-0426179938F-02

Continued

PREGEDING EAGE BLANK NOT, FILMED.

Ue

4160
424N
43,0
4440
4540
4640
4740
4840

4940

5Ce0
510
52e0
5360
5440
5580
560
570
5840
5940
600
6le0
6240
6340
6440
6540
6640
6TeC
6840
6940
7040
Tle0
7240
7340
7440
750
760
770

7860

790
80«0
Bl.0
8240
8340
8440
8540
8640
B7.0
8840
89.0
90.0
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-04?6179938F-12
-0e26179G938BE-C2
-0e26179938E-02
~0e26179938F-N2
-0626179938BFE-02
~Je?617993RF-07
-0e26179938F-N2
~0e?6179938E~-2
~0e2617993BE-C2
~-0426179938E-02
~0e26179938E~-02
-0e26179938E-02
~Ce26179938E-02
~(0426179938E~-02
~0426179938E-C2
~(426179938E-02
-Ce26179928E-02
- e26179938E-02
-0e26179938F-N2
~Na26179938BE-N2
~0e26179938FE~-02
—0e?26179938EFE~-02
-0426173938E-02
-Ce26179938E-02
~-0e26179938E-0G2
-0e26179938E-0D2
~-0e26179938E-02
-0e26179938E-N2
—-0626179938E-02
-(e2617993BE-0?
~Ne26179938E-02
~0426179G38E=-02
~0e26179938FE-02
-0e26179938E~-02
~-0e26179938E-02
-0426179938E-02
-C0e?6179938BE-N2
~0e26179938E-02
-0426179938E-02
-0e26179938E~02
-0e26179538E-02
-0e?2617993RE-C2
-~ e?26179928F-N7
~0e?26179938F=-02
-0e426179938E£-02
-0626179938F-02
~0426179938E-02
-0426179938E-02
-0626179938E~02
-Ce26179938E-02

Continued

91.0

9240

9340

94,0

95.0

9640

97.0

9840

99.0
10060
101.0
102.0
103.0
104.,0
105.,0
106.0
107.0
108.0
109.0
110.0
111.0
112.0
113.0
114.0
115.0
116.0
117.0
118.,0
119.0
120.,0
121.0
122.,0
123.0
12460
125.0
126,0
12740

12840

129.0
13040
131.0
132.0
13340
134,40
13540
136.0
13740
13840
139.0
140.0
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-1 ?617QG3RF-N
~(1426179938F-"2
~0e2617993RFE-02
-0e26179938E-0:2
-0e26179938F-02
~(4726179G3RE-02
-0e26179938E-02
~Ce26179938E-1:2
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$IBFTC
C ABSTRACT aeeeeTHIS ROUTINE CALCULATES FLIGHT CONDITIONS FOR THE
C SIMPLIFIED VEHICLE PROFILFS.

DOUBLF PRECISION [ eXS59Z254TOeXDZ09A19A23A3sB13sB2eR3I4DFLTIVXDIVINIP
1T1FsANMF e XK1 o XK29XK34PARPT1sPART2eDFLXSeNELZSsDFLVXSeNDFLVLS
10 FORMAT(5(EXeN1548))
TO=(1’.O
DELT=Ce2
X0=6371000,C
ZO=O o0
VX0=0L,40
VZ0=40040
" GME=0,39818437E+15
PIE=3,14159265
XK1=PIE/120GC 40
XK2=0025
XKB'—'lOoC
GO TC 1
2 XK2==1759.0/44¢"
XK23=70360s0/1169
GO TO 1
3 XKP2=10744,0
XK2=T0 N /1160
1 T=70
XS=X0
25=20
PART 1=(XK2%T¥DCNS{XKI*T1+XKa*¥NCOSIXKI#T1=AVEXXS/ INSART (XSk%2425% %D
1)%%3) ) *DELT
PART 2= (XK2*T#DSINIXKI*#T)+XKA¥DSINI(XKI#T)=AMEXZS5/ (NSORT ( XSk ¥ 4725% %)
1)#%3)y%DELT
Al1=PART1
B1=PART2
T=TO+DFLT/2,"
XS=XD+DELTHRVXQ/ 2, C+NELT*AT/R,,
2S=Z04DNFLTRVIN/D (4D4+NELT2RI /R, 0
PART]:(XK?*T*DCOS(XKj*T)+XK?*hCOS(X(l*T)—GVF*XS/(DSORT(XS**2+ZS**7
1)¥%3))y%DFLT
PART 2=(XK2*T¥DSINI(XKI*T)+XK2¥NSTINIXC1#T)=AMF*ZS/ (NSQRT ( XSk %2 4Z5% %)
1)%%3))#DELT
A2=PART1
R2=PART?2
T=TO+DFLT
XS=XO+DELT*VXO4NFLT#42/2,0
25=Z20+DELT®VZO+NFLT*RD/2,%
PARTI=(XK2%T®NCAS (XK 1#T 14 XK2¥NCOSIXK I ¥ T)=AMFEXS/ (NSORT ( XS*%D4725% %)
1Y ¥%x3) )y %¥DELT
PART 2= (XK2%#T%NSTNIXKI%¥T Y+ XK2aENSINIXK Y% T)—GMEXRZS/ (NSOQORT (XS**¥D +Z5% %>
1)%3#3))%DELT

Continued
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A3=PART1

R2=PART?

PELXS=NFLT* (VXO+(AT142,0%021/6,C)
NELZS=NFLTH(VZID+(R142,0%8R?2)1/6,0)}
NELVXS=(A144,0%¥A2+A3) /6,0
DELVZIS=(B1+440%R2+R3) /6,0
XO0=X0O+DFELXS

Z0=Z20+DFLZS

TO=TO+DELT

VXO=VXO+DELVXS

VZO=VZO+DELVZS

WRITF(&s1u) TOeXNeZ0DsVX0OsVZO

TF (T.GF.601.0) STNP

TF (TGLF,160e0() GO TO 1

IF (TeGFa1617) GO TO 2

GO TO 2

END

Runge~Kutta Numerical Integration Digital Computer Program.
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Time XS(RK) XS(AP) §5D§§f.xs AP
(Sec. (m m -
2c.) ) (m) 100] 15 (R |
0 6 371 000.0 6 371 000.0 0.0
50 6 376 416.8 6 376 734.5 0.004980
100 6 412 970.9 6 414 197.8 0.019130
150 6 509 580.7 6 512 243.7 0.040900
200 6 660 056.0 6 664 826.4 0.071627
250 6 813 163.3 6 820 203.9 0.103338
300 6 968 695.4 6 978 042.5 0.134129
350 7 127 049.3 7 138 724.8 0.163819
400 7 287 674.4 7 301 684.5 0.192243
450 7 449 040.7 7 465 373.3 0.219257
500 7 608 630.5 7 627 255.8 0.244791
550 7 762 956.0 7 783 825.0 0.268828
Time ZS(RK) ZS(AP) % Diff
(Sec.) (m) (m) 100] ZS(RK) - zs(@r)l
ZS(RK)
0 0.0 0.0
50 20 872.473 20 958.367 0.0
100 49 669.414 50 147.001 0.961530
150 101 545.07 102 913.77 1.347870
200 183 452.26 186 337.34 1.572659
250 279 059.94 283 632.58 1.638587
300 392 145.33 398 519.63 1.625494
350 527 394.03 535 684.52 1.571972
400 689 598.17 699 916.25 1.496245
450 883 493.71 895 944.07 1.409218
500 1 113 592.90 1 128 269.70 1.317968
550 1 384 015.60 1 400 999.10 1.227117

(RK) - Runge-Kutta Numerical Method
(AP) - Analytic Platform Simulation Method

Comparison of the Vehicle Position Between Solutions
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Time VXS (RK) VXS (AP) % Diff.
(Sec,) M/s) M/s) 100‘ VXS (RK)- VXS (AP) |
VXS (RR)
0 0.0 0.0 0.0

50 319.45018 319.37882. 0.02233

100 1 239.5540 1 239.1748 0.03059

150 2 711.2843 2 710.2130 0.03951

200 3 045.0830 3 089.5920 1.461667
250 3 083.5393 3 128.3722 1.453942
300 3 139.0876 3 184.3508 1.441922
350 3 193.2432 3 239.0124 1.433313
400 3 226.6628 3 272.9890 1.435731
450 3 219.5907 3 266.5055 1.457170
500 3 152.3594 3 199.8803 1.507470
550 3 005.9277 3 054.0631 1.601349
Time VZS(RK) VZS(AP) % Diff.
(Sec.) (M/S) M/8) 100 | VZS{(RK)-VZS(AP)

VZS (RK)

0 400.0 400.0 0.0

50 459.11773 460,27913 0.252960
100 743.44619 746.61251 0.425890
150 1 407.0174 1 412,9244 0.419820
200 1 767.4580 1 794.8685 1.550843
250 2 071.6470 2 099.5393 1.346382
300 2 467.4385 2 495.7509 1.147440
350 2 958.5376 2 987.2014 0.968850
400 3 545.4706 3 574.4099 0.816232
450 4 225.4483 4 254.5805 0.689446
500 4 992,3069 5 021.5445 0.585673
550 5 836.5303 5 865.7832 0.501204

(RK) - Runge-Kutta Numerical Method.
(AP) - Analytic Platform Simulation Method

Comparison of the Vehicle Velocities Between Solutionms.
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V.' OPERATING INSTRUCTIONS

Figure V-1 is a pictorial listing of the subroutines of the

‘analytic platform simulation program in the order of their entry.

The header cards for the program and subroutines may vary among

dinstallations. Figure V-2 is a pictorial listing of the input data

for the analytic platform simulation program in the order of their
entry. The format for the data is given in subroutines READ1
and READ2. The symbols that are used are explained in Chapter II,

Section B.
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IBFTC CHEIT DECK

IFFTC PRINTO DECK

IBFTC CGEAV ZFCK

IBFTC TRANS DECK /

TBFTC LINAC DFCK /

IBFTC C(LATFE LIFCK /

IBFTC EUILER 3 DECK /

IBFTC INTEGR LECK /

IBFTC [L[IKRCOS DFCK /

IBFTC ANGVEL DFCK : _ /

IBFTC RFAD2 T[FCK /

IBFTC RFAD1 DFCK /

DECK J/
IBJUB MAP

TIJUB /

Fig. V-1--Pictorial Listing of the Subroutines of the Analytic
Platform Simulation Program in the Order of Their Entry.
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C31 C32 C33
C21 Cc22 C23
Cl1 C12 Cl13
QVEL CANG ]
" INAV TCId b
TPRINT TCUT VCUT
KEXACT KOPT INNER
RSLL GME
- XS ¥S 5
VXS . VYS VZ5
]
- ]
LINFAR ACCELERATION PROFIIE L
]
|

ANGUIAR VELOCITY PROFIIE |

NUMBER  TXYZ

ENTRY

Fig. V-2--Pictorial Listing of the Input Data for the Analytic

Platform Simulation Program in the order of their entry.
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PHASE MIN SEC
LOADER 1 26
EXECUTICN 8 48
SYSTEM 0 24
TOTAL 10 38

CA‘RDS REAL cecneee 1656

PAGES PRINTED w...

Time Page Showing the Time for the Test Case Analytic

Platform Simulation Computer Rum.




